Introduction {#sec1-1}
============

Fractures of the radial head and neck account for 1.7%--5.4% of all fractures and 33% of all elbow fractures.[@ref1][@ref2][@ref3][@ref4] These fractures are often the result from falling on outstretched arms.[@ref5][@ref6] The radial head contributes to motion of the elbow such as flexion, extension, pronation, and supination.[@ref7] It also functions biomechanically as a secondary stabilizer to valgus stress about the elbow and in the longitudinal stability of the forearm.[@ref8]

In general, the treatment of radial head fractures is based on the type of fracture. The most commonly used classification of radial head fracture was proposed by Mason.[@ref9] Modified Mason Type I and II fractures are treated nonoperatively or by open reduction and internal fixation (ORIF).[@ref10] However, treatment of the modified Mason Type III or IV fractures is still controversial. Many authors reported ORIF with reconstruction of the radial head,[@ref11][@ref12][@ref13] but others have advocated radial head arthroplasty (RHA).[@ref2][@ref14][@ref15]

This study compares the clinical and radiological outcomes of ORIF and RHA in modified Mason Type III or IV radial head fracture. In addition, since no consensus on the treatment for Mason Type III or IV radial head fractures have been reached, the authors evaluated correlations between prognostic factors and postoperative clinical outcomes.

Materials and Methods {#sec1-2}
=====================

Patient selection {#sec2-1}
-----------------

The study was registered with Yeungnam University Hospital institutional review board. All patients with the modified Mason Type III or IV radial head fractures who were surgically treated between January 2010 and January 2014 at our university hospital, were reviewed in this study. Inclusion criteria were 18--75 years old patients, who were operated upon by single surgeon (Seo JS). Exclusion criteria were patients who were lost to followup, and whose followup period was \<1 year. Mean followup was 18.2 months (range 15--31 months), and clinical details of the patients are described in [Figure 1](#F1){ref-type="fig"}.

![A flow chart showing number of patients in this study. F/U=Followup, d/t=Due to, ORIF=Open reduction and internal fixation](IJOrtho-52-590-g001){#F1}

For initial dislocation of the elbow, the reduction was performed in the emergency department under sedation, followed by radiological evaluation. All patients were treated surgically due to mechanical block of forearm rotation. The RHA was preferred over ORIF when the fracture was too comminuted for reconstruction.

The patients in the ORIF group were treated using the LCP Radial Head Plate (Synthes, Oberdorf, Switzerland) or LCP Compact Hand System (Synthes, Oberdorf, Switzerland) \[[Figure 2](#F2){ref-type="fig"}, case number 25; [Figure 3](#F3){ref-type="fig"}, case number 29\]. The patients in the RHA group were treated using EVOLVE Modular Radial Head System (Wright Medical Technology, Arlington, TN, USA) for 14 patients \[[Figure 4](#F4){ref-type="fig"}, case number 3\], an Anatomic Radial Head System (Acumed, Hillsbro, OR, USA) for three patients and a floating radial head prosthesis (Tornier SA, Saint-Ismier, France) for 3 patients.

![Case number 25: (a and b) Initial anteroposterior and lateral radiograph and computed tomography scan of the left elbow showing radial head fracture (modified Mason Type III). (c) Postoperative anteroposterior and lateral radiograph after open reduction and internal fixation with LCP Radial Head Plate (Synthes, Oberdorf, Switzerland) and LCP Compact Hand (Synthes, Oberdorf, Switzerland). (d) Anteroposterior and lateral radiograph at 1 year followup showing implant *in situ*, congruent radial head](IJOrtho-52-590-g002){#F2}

![Case number 29: (a and b) Initial anteroposterior and lateral radiograph and computed tomography scan of the left elbow showing radial head fracture (modified Mason Type III). (c) Postoperative anteroposterior and lateral radiograph after open reduction and internal fixation with LCP Compact Hand (Synthes, Oberdorf, Switzerland). (d) Anteroposterior and lateral radiograph after 1 year followup and plate removal well maintained joint space and congruent radial head](IJOrtho-52-590-g003){#F3}

![Case number 3: (a and b) Initial anteroposterior and lateral radiograph and three-dimensional computed tomography scan of the left radial head fracture (modified Mason Type III). (c) Postoperative anteroposterior and lateral radiograph after radial head arthroplasty with EVOLVE Modular Radial Head System (Wright Medical Technology, Arlington, TN, USA). (d) Anteroposterior and lateral radiograph for 1 year followup](IJOrtho-52-590-g004){#F4}

Operative procedure {#sec2-2}
-------------------

Patients in RHA group received general anesthesia and were placed in a supine position with the affected extremity in abduction. The posterolateral approach was used, and the joint capsule was released after soft tissue dissection. The neck of the proximal radius was osteotomized using a saw blade on the plane 5 mm above the biceps tuberosity. The proximal medullary canal of the radius was then prepared with a reamer to accept the implant. After the demonstration of satisfactory contact between capitulum and trial prosthesis, and a good fit in the radial medullary canal was found, the final real stem was inserted. The definitive prosthesis was then cemented. Finally, a fit bipolar radial articular surface prosthesis was implanted. The annular ligament was repaired with nonabsorbable sutures. If no combined injuries were present, passive rehabilitation was begun 3 days postoperatively.

Patients in the ORIF group were treated with the same incision used in the RHA group. Plates and screws were used, and all patients were immobilized in plaster for 4 weeks. Rehabilitation began when plasters were removed 4 weeks after surgery.

If the patients had a combined olecranon fracture, additional longitudinal skin incisions were applied along the ulna bone. Using an olecranon plate (Zimmer, Warsaw, Indiana, USA), ORIF was done.

Data analysis {#sec2-3}
-------------

Before surgery, data collection included the type of fracture, number of fragments, days from injury to operation, and the distance from tip of radial head to distal tip of distal fragment determined with plain radiograph and computed tomography scan. After surgery, clinical and radiological data were collected during the followup period. Clinically, the patient rated elbow evaluation (PREE), the disabilities of the arm, shoulder and hand (DASH), and the range of motion (ROM) including flexion, extension, pronation, and supination were measured by standard procedures. In PREE and DASH, higher score indicated increased pain and functional disability (e.g., 0 = no disability; 100 = worst). Radiologically, plain anteroposterior and lateral radiographs were taken \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. All clinical and radiological evaluations were done by independent observers who were not part of the operative team to avoid potential bias.

Statistics {#sec2-4}
----------

Sample size and study design were determined based on the results reported by Al-Burdeni *et al*.[@ref16] On the basis of this study, the mean DASH score of the ORIF group and RHA group were 12.0 ± 2.6 (standard deviation \[SD\]) and 14.1 ± 2.6 (SD), respectively. To achieve statistical power at 0.80, 21 patients for each group were needed. The mean and range for all continuous variables were obtained with Microsoft Excel 2010 (Microsoft Co., Redmond, WS, USA). All statistical analyses were performed using IBM SPSS version 23.0 (IBM Co., Armonk, NY, USA), and *P* \< 0.05 was considered to be statistically significant. The Mann--Whitney U-test and Chi-square test were used to test statistical differences between the two groups. To determine possible preoperative factors between clinical outcomes, multiple linear regression analysis was used to identify predictors of the DASH and PREE score.

Results {#sec1-3}
=======

Patients' characteristics {#sec2-5}
-------------------------

Of 42 patients, 29 had modified Mason Type III and 13 had Type IV fractures \[[Table 1](#T1){ref-type="table"}\]. Twenty patients (47.6%) were treated with RHA and 22 patients (52.4%) with ORIF. Most injuries were the result of fall from height (40.4%) and fall with outstretched arm (38.0%). Patients in both groups were comparable, and there were no significant differences in age, number of fragments, days to operation from injury, distance from radial head to distal tip of the distal fragment, operation time, gender, or the type of fracture between the two groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Patients' demographics

![](IJOrtho-52-590-g005)

###### 

Characteristics of the study population

![](IJOrtho-52-590-g006)

Clinical outcomes {#sec2-6}
-----------------

At the end of the followup period, all patients had stable elbows without recurrent dislocation. Mean PREE scores were 13.9 (SD 15.0) for the RHA group and 13.0 (SD 13.8) for the ORIF group, but the difference was not statistically significant \[[Table 3](#T3){ref-type="table"}\]. Mean DASH score was 9.5 (SD 16.8) for RHA group and 10.7 (SD 17.7) for ORIF group, and the difference was not statistically significant. When comparing ROM, patients in the RHA group showed increased movement in all measured angles, particularly in the flexion/extension arc and supination which were statistically different (*P* = 0.042, *P* = 0.022, respectively) from the ORIF group.

###### 

Clinical outcomes of the radial head arthroplasty and open reduction and internal fixation groups

![](IJOrtho-52-590-g007)

To determine the correlation between preoperative factors and clinical outcomes in the ORIF group, multiple linear regression analysis was used \[[Table 4](#T4){ref-type="table"}\]. Age and number of fragments showed statistical significance with the DASH, (β = 1.075, *P* = 0.000; β = 0.701, *P* = 0.002 respectively) but age was the only variable significantly associated with PREE (β = 0.943, *P* = 0.003).

###### 

Results of multiple linear regression analysis between preoperative factors and clinical outcomes in open reduction and internal fixation group

![](IJOrtho-52-590-g008)

Radiological outcomes and complication {#sec2-7}
--------------------------------------

One patient in the RHA group suffered from stiffness, but additional surgery was not indicated. Another patient showed symptoms of tardy ulnar nerve palsy, and therefore, anterior nerve transposition surgery was done 8 months after primary radial head replacement. In the ORIF group, one patient suffered fixation failure because fractured fragments migrated, thus requiring revision to RHA. Two patients showed symptoms of tardy ulnar nerve palsy, and therefore, anterior nerve transposition surgery was done 1 year and 5 years after the primary fixation, respectively. One patient developed elbow stiffness but did not need additional surgery. At final followup, there was no subsidence or implant loosening in the RHA group. All coronoid and radial head fractures showed complete bone union in ORIF group except for the two cases of fixation failure. A year later, plate removal was done for all patients in the ORIF group. This was mainly done out of respect for Eastern culture, which does not accept implants inside the human body,[@ref17] and not because of any complications.

Discussion {#sec1-4}
==========

The elbow is a highly congruent joint, and the radial head plays an important role as a secondary stabilizer.[@ref18][@ref19] When this articulation is disrupted, surgical treatment is often required. The radial head is a key element in elbow stability during varus, and valgus loading,[@ref20] and the radial head is not only important for the humeroradial joint, but also for the stability of the distal radioulnar joint.[@ref14][@ref21] Therefore, traditional radial head resection is not recommended and is declining in use because of complications such as wrist degeneration, persistent instability, and loss of muscle strength.[@ref22]

RHA is indicated for irreparable radial head fractures associated with elbow instability. The clinical outcomes which have been reported are mostly from short term followup, but the results are generally favorable.[@ref23][@ref24][@ref25][@ref26] Harrington *et al*.[@ref27] reported 20 cases of RHA with 16 cases having excellent or good results at an average of 12 years' followup. They concluded that metal prosthesis could restore stability of the elbow joint and prevent displacement of the radial head, thus reducing complications of the ulnoradial joint. However, Sun *et al*. reported in metaanalysis that the revision rate of RHA in modified Mason Type III and IV was 16.7%, and the main reasons were an overstuffed prosthesis (44%) and subluxation (22%).[@ref28] They highlighted the need for proper diameter and length of the prosthesis and also asserted that the excised radial head could be used for accurate diameter determination. Repeated length determination should be made using prosthesis models to reduce revision rate.

On the other hand, many authors have reported that ORIF could achieve satisfactory results in comminuted radial head fractures.[@ref29][@ref30][@ref31] King *et al*. reported 14 cases of ORIF in modified Mason Type II and III injuries with 100% of the results categorized as good and excellent.[@ref12] Chen *et al*. reported 23 cases of ORIF in unstable, multi-fragmented radial head fractures with 65.2% satisfaction.[@ref32] However, Sun *et al*.[@ref28] indicated in metaanalysis that the revision rate of ORIF in modified Mason Type III and IV was 20.1%, and that it was higher in RHA, but not statistically significant.

There are several reports that compare ORIF and RHA in modified Mason Type III or IV radial head fractures, but results were contradictory. Chen *et al*.[@ref32] reported that Broberg and Morrey elbow scores at 2 years' followup were 72.4 and 92.1, respectively and that the differences were statistically significant. However, Al-Burdeni *et al*.[@ref16] reported 15-month followup DASH scores of 14.1 and 12.0 for ORIF and RHA, respectively, but these differences were not statistically significant. Our study also showed similar clinical outcomes for both the ORIF and RHA groups, but ROM was better in the RHA group.

Al-Burdeni *et al*.[@ref16] also performed a regression analysis of preoperative factors and clinical outcomes and concluded that patient age and poor outcome was highly correlated. Considering the fact that the durability of radial head prosthesis is not long, those authors suggested that young patients with modified Mason III or IV radial head fractures are optimal candidates for ORIF rather than RHA procedures.

There are several limitations in this study. As a retrospective review and not randomized control study, the data collected are only as good as the accuracy of the medical record. Therefore, this study has the disadvantage of selection bias as RHA was done in comminuted fractures, and thus, the two groups were not comparable. The followup period was short, and authors were not able to comment on the rate of degenerative arthritis. Due to a small number of cases, we have not been able to control for combined injuries. Therefore, a large, double-blind, and randomized prospective study is needed to verify the comparison of RHA and ORIF. In addition, in patients with combined injuries, the authors could not rule out the effect of the combined procedures on clinical outcomes.

Conclusion {#sec1-5}
==========

Clinical outcomes of modified Mason Type III or IV radial head fractures treated with ORIF or RHA were not significantly different. Furthermore, in the ORIF group, the younger the patient, the better the clinical outcome. Considering the short durability of radial head prostheses, the authors suggest that for modified Mason Type III or IV radial head fractures in young patients, ORIF should be performed first, if the reduction is possible.
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